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ABSTRACT

A set of perturbation equations is presented for
a nominal LEM ascent in which deviations in state at a fixed
time after cutoff are related to initial deviations. Numerical
values are given which relate estimated and actual position
and velocity, and weight to 34 independent variables.
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MEMORANDUM FOR FILE

GENERAL DISCUSSION

This memo presents the matrix of partials for LEM
ascent relating deviations in dependent variables at a fixed
time shortly after engine cutoff to deviations in independent
variables at the start of the ascent. The variables are as
follows:

Dependent (at time T2) Independent (at time Tl)
XA2 Actual position XAl Actual position
Actual velocity Actual velocity
XE2 Estimated position | XEl Estimated position
Estimated Velocity Estimated velocity
W2 Weight PPF Vehicle performance
parameters

P Sensor performance
S p
parameters

To carry out this study a nominal closed-loop ascent was simulated
in which all (independent) deviations were set to zero. The nominal
simulation consisted of an equatorial launch at an azimuth of 270°
to a 50,000 foot orbit.

Lunar constants and missile parameters used in the
simulation were the same as those listed in Reference 1. The
guldance equations are the explicit type described in References 2
and 3. These equations attempt to simultaneously null radius,
radial rate and horizontal velocity errors. Actual cutoff takes
place when the horizontal velocity error goes to zero.
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The matrix of partials are obtained by considering
deviations from the reference at time T2 in response to per-
turbations at time Tl' Thus one can write a set of perturbation
equations, essentially a Taylor series expansion, about the
reference trajectory. In matrix notation with the 6's indicating
deviations from the nominal, the equations take the form

0Kpo = 9pp8%pq + 0ppSXpy * 0ypoF (1)
8Xpo = ¢gpd¥py * oppS¥p t égpdP (2)
SW, = W, X, + W Xy + WyoP (3)
§P = 6P__, + 8P ()

PF S

6X, and 8Xp are 6 x 1 column matrices,the deviation state vectors.

§P is a N x 1 column matrix where N is the total number of vehicle
performance and sensor parameters of interest. Note that 6P is the
sum of performance and sensor deviations.

The ¢ matrices, the matrices of partials, are
determined experimentally by making a series of closed-loop
simulations, one simulation for each variable to be perturbed.
From the equations one notes that:

¢ = E_X_é-z_
AA 8%, 1 8Xg, = 6P = 0 (5)
¢ = ﬁg
EA 8%, 1 8Xg, = 6P = 0 (6)
. 8W,

A Xy 8§Xp, = 6P = 0 (7)
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Similar equations can be written for the other terms. Equations
1, 2 and 3 may be combined into one matrix equation.

— B o~ j ~ -
8Xpo VN AR oap §Xpq
§Xgo = SEa YER ¢Ep 8Xgy | (8)
sW W W W 5P
2 | A E P | i
§ ' 1
13x1 L13x[6+6+N] [6+6+N]x1

This ¢ matrix of 13 rows by (12 + N) columns in the
matrix of interest, to be used to propagate errors through the
powered flight portion of the LEM ascent.

In this analysis GXAl and GXEl were considered to be

3 x 1 column matrices* in which only initial position deviations
were assumed. Implicit in this approach is the assumption that
the affect of initial velocity uncertainties is negligibly small.
The ¢ matrix 1s therefore reduced to a 13 x (3+3+N) matrix with
N in this case being 28. Thus the generation of the matrix
required 34 separate perturbation simulations.

Error Sources

The 34 error sources are listed in Table 1A along with
-their assumed lo values. Toimprove computational accuracy 2o
perturbation were used in the ¢ computations. The units given are
the units used 1n computing the individual terms in the ¢ matrix.

Coordinates

Computation of the terms was carried out in the orbit
plane coordinates of the nominal simulation at the reference times.
These are defined as follows:

-
Instead of 6 x 1 matrix,
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V = vehicle velocity vector

R = vehicle position vector

1N = TET unit vector in the N or nominal direction.
R

t =<l

-
3
I
<
L

unit vector in the T or track direction.

0| |l

lR = lN X lT unit vector in the R (down) range direction.

The dependent variables, listed in Table 1B are N,T,R and N,T,R
corresponding to vehicle orbit plane position and velocity

components along lN’ 1T and lR' A subscript A or E indicates

whether the term 1s an actual or estimated variable.

Description of Presented Data

In order to facilitate printing out the data in a
simple and compact form the dependent variables are arranged
by column with the independent variables as the rows. Table 2
is the data for the ¢A and W matrices and Table 3 is the data

.for the ¢E matrices both corresponding to +20 perturbations.

Tables 4 and 5 are the corresponding data for -2¢ perturbations.
A key to the information i1n the tables may be found in Figures 1

and 2. 64/7
1022-1IB-mhk I. Bogner
Attachments

1. References
2. Tables 1 thru 5
3. Figure 1 and 2
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